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I  HE  ANALYSIS  OF  UINDS  MEASURED  BY  A  CORONA  ANEMOMETER  OUR  I NO  A  10-HOUR  BALLOON 
FLIGHT  IN  I  HE  STRATOSPHERE  BETUEEN  ALTITUDES  OF  1 ’  KM  AND  25  KM  HAS  BEEN 
COMPLETED.  CALIBRATION  OF  THE  ANEMOMETER  UAS  ACCOMPLISHED  BY  CROSS-CORRELATION 
WITH  A  WIND  VELOCITY  MEASURED  FROM  RADAR  TRACK  OF  THE  BALLOON.  INSTRUMENTAL 
NOISE  IN  THE  CORONA  ANEMOMETER  HAS  BEEN  ESTIMATED,  AND  ITS  EFFECT  ON 
CALCULATION  OF  U I  NO  SHEARS  IS  DISCUSSED.  STRATOSPHERIC  TURBULENCE  HAS  BEEN 
CALCULATED  FROM  LOCAL  UINP  SHEARS  AND  LOCAL  TtMRERAIURE  PROFILES. 
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STRATOSPHERIC  RESIDENCE  TIMES  FROM  BALLOON  MEASUREMENTS  Of  UINDS 
NORMAN  ROSENBERG 

IJB.IEC  T IVE 

THE  PURPOSE  OF  TH.IS  PROJECT  IS  THE  MEASURE  HEN  T  OF  S IRAIOSPHERIC  TURBULENCE 
USING  A  NEU  WIND  SENSOR  WITH  HIGH  FREQUENCY  RESPONSE .  THE  STATISTICS  OF 
OCCURENCE  OF  STRATOSPHERIC  TURBULENCE  IS  A  DESIRED  INPUT  FOR  MODELS  OF 
STRATOSPHERIC  RESIDENCE  TIMES  FOR  CONTAMINANTS  AND  AS  AN  INPUT  FOR  MODELS  OF 
OPTICAL  AND  RADAR  SCATTERING  WITHIN  THE  REGION. 

BACKGROUND 

PREVIOUS  STUDIES  OF  STRATOSPHERIC  WINDS  AND  TURBULENCE  HAVE  USED  RADAR-TRACKED 
BALLODNS  AND  CHAFF,  AND  MEASUREMENT  OF  SMOKE  TRAIL  DISTORTION  AND  SPREADING. 
CALCULATION  OF  VELOCITY  AND  SHEAR  FROM  THESE  TYPES  OF  MEASUREMENTS  REOUIRES 
SUCCESSIVE  DIFFERENCING  OF  THE  RAW  DATA  WHICH  LEADS  TO  INCREASING  INACCURACY 
WITH  EACH  DIFFERENCING.  FURTHERMORE  THEIR  SPATIAL  RESOLUTION  IS  POOR  AND  DOES 
HUT  PERMIT  ASSIGNMENT  OF  SHEARS  OVER  SMALL  HEIGHT  DIFFERENCES. 

I  HE  DEVELOPMENT!  OF  I  HE  CORUNA  ANEMOMETER  t  CORUN AN )  WHICH  DIRECTLY  MEASURES  A 
I  OCAL  WIND  UITH  SUBSTANTIALLY  NO  INERTIA  REDUCES  THE  CALCULATION  OF  SHEAR  TO  A 
SINGLE  DIFFERENCING.  THIS  INSTRUMENT  HAS  BEEN  CARRIED  ON  A  NUMBER  OF  BALLOON 
FLIGHTS  OF  SOME  HOURS  TO  STUDY  SHEAR  STRUCTURE  OVER  EXTENDED  PERIODS  DURING 
BALLOON  ASCENTS  AND  DESCENTS  THROUGH  A  GIVEN  ALTITUDE  REGION. 
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A  10-HOUR  FLIGHT  MADE  IN  APRIL  1977  FROM  HOLLOMAN  AFB  UAS  SELECTED  FOR  FIRST 
ANALYSIS.  THE  PAYLOAD  INCLUDED  TUO  CORONAHS  UHICH  HAD  BEEN  CALIBRATED  IN 
UIND-TUNNEL  LOU-PRESSURE  ENVIRONMENT.  IT  ALSO  CARRIED  PRESSURE  AND  TEMPERATURE 
SENSORS.  THE  BALLOON  UAS  RADAR-TRACKED  THROUGH  THE  FLIGHT  UHICH  ESTABLISHED  X,Y 
AND  Z  COORDINATES  UHICH  PERMIT  INDEPENDENT  ESTIMATES  OF  VELOCITY  AND  SHEAR 
(WITH  LOU  FREQUENCY  RESPONSE.)  THE  RADAR  DATA  IS  VERY  IMPORTANT  IMPORTANT  IN 
INTERPRETATION  OF  THE  CORONAM  DATA. 

DATA  SELECTION 

A  DIGITAL  TAPE  UAS  PREPARED  UHICH  MERGED  DATA  FROM  THE  PAYLOAD  INSTRUMENTS  AND 
F RUM  THE  RADAR  TRACK  FOR  2300  TIMES  BETUEEN  0500  AND  ’500  LOCAL  (MST)  TIME. 
[ABLE  I  SHOWS  THE  SPECIFIC  DATA  AVAILABLE  FOR  EACH  1IME. 


(HE  ALTITUDE 

DERIVED  FROM 

THE 

PRESSURE 

SENSOR  UAS  ^  0  U  N D 

10  DIFFER 

FROM 

1  HE 

KADAR-MLASURED 

ALTITUDE  BY 

UP 

TO  1000 

MEIERS.  THE  MIRE 

DIRECT 

ALTITUDE 

MEASUREMENT  FROM  THE  RADAR 

TRACK  UAS  USED  IN  T  Hf:  ANALYSIS. 

CORONAM 

2  UAS 

NOT 

I  UNCTIONAL,  SO 

ONLY  CORONAM  1 

UAS 

AVAILABLE 

FOR  ANALYSIS. 

!  HE.  INSTRUMENT  PLATFORH  UAS  SUSPENDED  ABOUI  260  METERS  BELOU  THE  BALLOON.  THE 
CORONAM  MEASURES  THE  WIND  IT  SENSES,  TO  UHICH  MUSI  BE  ADDED  ITS  OWN  VELOCITT 
UHILH  IS  THAT  OF  THE  BALLOON  TO  UHICH  IT  IS  SECURED.  THIS  MAKES  POSSIBLE  A 
CALIBRATION  UT  THE  CORONAM  VELOCITY  UHICH  MUSI  Bt  EOUAL  (EXCEPT  FOR 
HIGH-FREQUENCY  CUNTENT)  TO  THE  DIFFERENCE  BETULLN  RADAR  MEASUREMENTS  OF  BALLOON 
VELOCITY  AT  THE  TIME  OF  THE  CORONAMETER  MEASUREMENT  AND  BALLOON  VELOCITT  AT  A 
I IME  WHEN  IT  IS  260  METERS  LOUER  THAN  ITS  CURRENT  Al.T  1  TUBE.  THIS  IMPLIES  THAT 
CALIBRATION  OF  THE  CORONAM  CAN  BE  DONE  DURING  BALLOON  ASCENTS  AND  DESCENTS  UHEN 
I  HE  REQUIRED  RADAR  DATA  IS  AVAILABLE  IF  UIND  CHANGES  AT  F.ACH  ALIHUDE  ARE  SMALL 
DURING  THE  INTERVAL  BETUEEN  THE  TUO  MEASUREMENTS. 

I  HE  FL  IGHT  INCLUDED  FIVE  LEGS  UHEKE  THE  BALLOON  UAS  DESCENDING  OR  ASCENDING 
OVER  A  3000  TO  7500  METER  ALIITUPE  INTERVAL  AND  ANALYSIS  UAS  CARRIED  OUT  FOR 
I  HE  St  FIVE  LEGS  LISTED  IN  TABLE  2. 
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1  ABLE  1  LIST  OF  RAU  BA  I A  ON  TAPE  H7727 

1.  LOCAL  TINE  (MSI)  HHNMSS  2.  ALTITUDE  (METERS)  FROM  PRESSURE 

3.  TEMPERATURE  (K)  A.  PRESSURE  ( NEAR ) 

5.  CORONAM  I  VELOCITY  (N/S)  6.  CORONAM  1  AZIMUTH  (DEG) 

7.  CURONAN  2  VELOCITY  (M/S)  8.  CORONAM  2  AZIMUTH  (DEG) 

V.  RADAR  ALTITUDE  (MEIERS)  10.  RADAR  NOR  !  H  (METERS) 

11.  RADAR  EAST  (METERS) 

TABLE  2  LESS  SELECTED  FUR  ANALYSIS 


LEG 

UP /DN 

TlrtE 

START 

END 

SEC 

ALTITUDE 

LOU  HIGH 

DIE 

VERT 
ft '5 

RAU  DATA  PTS 
SCREEN  MONO! 

AV  SPACING 
SEC  ALT 

1  fJ 

05:06 

05:50 

2640 

17500 

25000 

7500 

2.8 

216 

215 

12 

34 

2  U 

02:51 

OP:  42 

6660 

1  9500 

25000 

5500 

0.8 

475 

369 

18 

15 

3  Li 

11:23 

1  1  :59 

2160 

1  7500 

21200 

3  700 

-1.7 

190 

164 

12 

22 

4  U 

12:24 

14:01 

5700 

1  8200 

21500 

3300 

0.6 

326 

1  9  4 

29 

29 

5  D 

14:22 

14:42 

1200 

1  7500 

20500 

3000 

-2.5 

106 

102 

12 

29 

TJAIA  SCREENING 

HAD  DATA  SCREENING  UAS  DONE  BY  REJECTING  ALL  POINTS  FOR  UHICH  NO  RADAR  DATA 
UERE  AVAILABLE.  ALSO  REJECTED  UERE  ALL  POINTS  WHERE  THE  CORONAM  READINGS  WERE 
CONSIDERED  UNRELIABLE  (PRIMARILY  BECAUSE  OF  SCREENING  OF  THE  METER  FROM  THE 
HIND  BY  PAYLOAD  ELEMENTS.)  THIS  SCREENING  REDUCED  THE  RAW  DATA  TO  ABOUT  1300 
POINTS.  THEN  THOSE  POINTS  UHICH  UERE  NOT  MONOTONIC  IN  ALTITUDE  UERE  ALSO 
REJECTED.  THE  REMAINING  1000  POINTS  SHOULD  AVERAGE  SPACING  OF  15  TO  3A  METERS, 
SO  AN  INTERPOLATION  INTERVAL  TO  FIXED  ALTITUDES  AT  20  METER  SPACING  UAS 
SELECTED. 

RAU  RADAR  POSITIONS  UERE  SMOOTHED  BEFORE  INTERPOLATION  BECAUSE  NO  MEANINGFUL 
HIGH-FREQUENCY  CONTENT  IS  AVAILABLE  IN  THESE  DATA.  AFTER  INTERPOLATION,  RADAR 
VELOCITIES  UERE  COMPUTED  FROM  POSITION  DIFFERENCE/TINE  DIFFERENCE  BETWEEN 
SUCCESSIVE  POINTS. 

RAU  CORONAM  READINGS  UERE  CONVERTED  FROM  TOTAL  VELOCITY  AND  AZIMUTH  TO  EAST  AMD 
NORTH  COMPONENTS  BEFORE  INTERPOLATION.  THE  RAU  CORONAM  COMPONENT  VELOCITIES 
MERE  PROCESSED  BY  A  SPECIAL  FILTER  UHICH  REJECTED  OUTLIER  POINTS  BUT  RETAINED 
ORIGINAL  RAU  VALUES  FOR  ABOUT  90  PERCENT  OF  THE  DATA  IN  ORDER  NOT  TO  LOSE  ANY 
HIGH-FREQUENCY  CONTENT  IN  THE  MEASUREMENTS. 


I  1  ThNCE  III-  SIRAIDSPHfcKIC  IJiNl'S 


I  rijyvp  1  SillMS  I  HE  GROUND  IKAPK  OF  !H,‘.  FA.  I  I’l'H  BURIN'.  T  H!!  FIVE  LEC-S  AND  IHfc 

lUTHU’Jt  VS  I  .'ME  OVl  K  THE  10-HUUR  Hl'iHI  EKh  iOl' . 

[  J  SH'iUli  THh  RADAR- IRACK  HA!  '  l)  U  H  VH.M'ii  LOttPONEN IS  VS  ALIIIUPC  PC1'"  I  HE 

IIV£  LEGS.  !  ht  VELOCITY  PROFILES  LOVER  A  lu-Hl'UK  PERK'D  A  N  Ji  >H  III  A  PEDSISItN! 
SINUSOIDAL  ■  A  I  l  fc  N  N  I  HKOUtiH  I  HE  ENI1KL  rLM'M'  UlIH  A  VtMlLAi.  UAVELENblH  OF 


nmiui 

1000 

MEIERS.  1  HIS  IS 

IN  PALI  A  HE LU  1 

I  A  III.  RIF  lihh  N  IHE 

!U0  COHPIJNE'NIS 

ARE 

CONS  IDE 

s  t  ;i .  forthermore 

IHE  SIMILAR!  IT 

(>F  IHE  PKOFJLES 

SUfaGES 1  IHAI 

VELUCIl 1ES 

VINE  NUI  SERIOUSLY  LON  I  AMINA! ED  BY 

VOK  1  EX-SHI. DOING 

A  I  THE  BALLOON, 

•i  iNfJt 

THE 

!  [  V  [  [  [  IjS  "ARIEU 

IN  AVERAGE  Vt ft  1  1C 

AL  VELUCl'T  FROM 

.1.8  if/ s  K) 

rvs. 

sj  h  i  k 

H  WOULD  RESULT 

IN  SODS  IAN f I  A! 

Dll  FERFNl  L  IN 

VOKIFX-SHFMHNO 

'  HARALIEKlSil'S.  FIGURE  2  ALSO  F  RP.SLN  I S  1  Ht  IHIPhRAUIRl  PROP  I!  Lb  FOK  THE  FIVE 
i  EILS,  UHUCH  - 1.  DA  J  NP !  SUBS )  AH  J I  ALL  T  UNCHAflHF  Ji  DURING  IHE  I'MIUUR  Pl.RIOP. 

I  Ok  liN  A  ANtAl'fi'  I!  L  l  At  1  BRA  I  ION 

'  HP  CliR'iiAfi  ' 'E  i.Ot: !  TIES  WILL  HE  LOUPE'.  A' ED  UlIH  THE  !' IFFF'-s  NC'i  BE  IJEE  N  THE 
infAll  r-1  W  i  MUtNI  ME  ASUREMEN  I  Of  RADAR  <  BA  I  !  WON  »  VI  l  PC  1 1  If  S  PI  IHE  fil.TlIim 
Ilf  IHE  FAT  |  HAP  A  Nil  IHE  ALIIIUPL  'F  I  MI  HAi.  LOON .  i  HI.  Eli  ! -V.I  QUN  VEI.OLIH 
"1FFFRENCF  -ALOES  (VPJF!  WERE  CAI  *-**•  A  I  ED  »!•:'•«  SrtOU'MEi-  RADAR  DAI  A  A  Nl«  '  E 
I'RE  SE  N  IE  I'  HI'-  IHE  FIVE  LEGS  !H  FIGURE  I.  I  tIM' !  ‘  II  Hi  E  AS  I’l.i-ANJ  .1.  H  HAVES  IS  tvEN 
MORE  SIRIKINU  !*(  THE  DIFFERENCE  RKOFILI5  IHAn  in  t  H:-  ORIGINAL  VEIL, HIT 
I’KUH  LE  S’.  'HT  VI'  I P  AMPI.  JIIJDE  PROF  11!.;,  AKF  0  Hi  III  I  .«  11/ 3  U.IM  A  DOnjHA.il 
IIAVELENUIH  OF  AHUM  i  1000  ME  IERS. 
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I  HE  SLOPE  AND  OFFSET  OF  THE  VDIF  COMPONENT  PKOFILE  UAS  FOUND  BT  A  LINEAR  FIT 
AND  UAS  ADDED  TO  THE  CORONAM  COMPONENT  PROFILE  BEFORE  CROSS-CORRELATION.  THE 
SLOPE-ADJUSTED  CORONAM  PROFILE  UAS  CROSS-CORRELATED  UI TH  THE  VDIF  PROFILE, 
USING  A  FOURIER  TRANSFORM  U I TH  128  POINTS  C2.S6  KM  OR  AT  LEAST  TUO  CYCLES  OF 
I  HE  BASIC  UAVE)  IN  A  GIVEN  CORRELATION.  SEPARATE  BUT  OVERLAPPING  CORRELATIONS 
WERE  DONE  BY  MOVING  THE  ALTITUDE  UINDOU  UPUARDS  BY  6A  POINTS  AS  LONG  AS  DATA 
UAS  AVAILABLE  ON  A  GIVEN  LEG.  CORRELATION  UAS  DONE  USING  ONLY  SPATIAL 
I-  KEUUENCIES  TO  1/2  NYQUIST  CORRESPONDING  TO  80  METERS  SINCE  NO  SIGNIFICANT 
HIGHER  FREQUENCY  CONTENT  UAS  EXPECTED  IN  THE  RADAR  VELOCITY  PROFILES. 

I  HE  RESULTS  ARE  SUMMARIZED  IN  TABLE  3  UHICH  SHUU  CORRELATIONS  UF  80-V5  PERCENI 
DEPENDING  UN  LEG .COMPONENT  AND  ALT  I  I U I' t  BLOCK.  TABLE  3  IS  ORDERED  IN  BLOCKS 
111  TH  DATA  FUR  EACH  LEG, FOR  EACH  COMPUNENI  AND  FOR  EACH  OVERLAPPING  ALTITUDE 
RANGE. 


I  HE  CROSS-CURRELA T  t  ON  ALGORITHM  GIVES  NO!  ONLY  CORRELATION  BUT  ALSO  GIVES  THE 
AMPLITUDE  OF  EACH  OF  THE  TUU  PROFILES  BEING  CORRELATED,  AND  THE  LAG  OR 
DISPLACEMENT  UHERE  BEST  CORRELATION  IS  FOUND.  THE  LAG  UAS  MOST  FREQUENTLY  ZERO 
UHICH  IMPLIES  THAT  THE  TUO  PROFILES  ARE  BEST-ALIGNED  AS  IESTED .  LAG  VALUES 
RANGE  FROM  +1  TO  -3  BUT  INSPECTION  SHOUED  THAT  ZERO-LAG  CORRELATIONS  URE  ALMOST 
AS  HIGH,  I .  E . ,  LAG  ESTIMATES  ARE  N  01  SENS1UJIVE  NEAR  THE  CORRELATION  MAXIMUM. 

I  HE  NEXT  COLUMN  IN  TABLE  3  PRESENTS  THE  AUTOCORRELATION  ZERO  OF  THE  VDIF 
PROFILES  UHICH  SHOU  TYPICAL  VALUES  OF  13  POINTS  EQUIVALENT  TO  260  METERS.  (11 
IS  A  COINCIDENCE  THAT  THIS  VALUE  IS  EUAL  TO  THE  BALLOON -PAYLOAD  SPACING.) 

.11  MAY  BE  NOIED  THAT  THE  SAME  CORRELATION  TESTS  HERE  PERFORMED  FOR  SPACINGS  OF 
;M0,260  AND  280  METERS,  AND  THAT  THE  BEST  CORRELATIONS  UERE  FOUND  FOR  THE  260 
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I1ETER  SPACING. 


I  HE  RMS  AMPLITUDES  OF  THE  CORUNAN  UAS  FOUND  TO  BE  SUBSTANTIALLY  LOWER  THAN  THAT 
MF  THE  VDIF  PROFILES,  AND  THIS  AMPLITUDE  RATIO  CAN  BE  APPLIED  AS  A  CALIBRATION 
10  THE  CORONAM  DATA.  THE  AMPLITUDE  RATIOS  FOR  THE  TUO  COMPONENTS  OF  A  GIVEN  LEG 
WERE  MERGED  INTO  A  LEAST  SQUARE  BEST-FIT  VS  ALTITUDE.  THE  RESULTING  CORRECTION 
IS  LISTED  FOR  LOU,  MIDPOINT  AND  HIGH  ALTITUDES  BELOU  THE  LEG  DATA  BLOCK  IN 
TABLE  3.  HIGHEST  CORRECTION  FACTOR  UAS  IN  THE  LOU- AL T IDUDE  REGION  OF  LEG  2 
WHERE  A  AMPLITUDE  RATIO  OF  5.8  UAS  FOUND,  TAPERING  TO  1.2  AT  THE  HIGHEST 
ALTITUDE  OF  THIS  LEG.  IN  OTHER  WORDS ,  T  HE  CURONAH  SHOWS  AN  EXCELLENT  SENSE  OF 
DIRECTION  BUT  ITS  AMPLITUDE  VARIES  FROM  TIME  10  TIME  WITHIN  THE  SAME  LEG  AND 
BETUEEN  LEGS  IN  A  MANNER  UHICH  CANNOT  BE  EXPLAINED  AT  THIS  TIME. 

1  IUURE  A  SHOUS  VERTICAL  PROFILES  OF  ORIGINAL  CORONAM, CORRECTED  CORONAN , CORONAM 
SHEAR  AND  RADAR  VDIF  PROFILES  FOR  LEGS  1  AND  2.  FIGURE  5  SHOUS  CORRECTED 
CORONAM  PROFILES  AND  THE  RADAR  PROFILES  AT  A  DIFFERENT  SCALE  TO  POINT  OUT  MORE 
CLEARLY  THE  HIGH  CORRELATION  BETUELN  THE  I UU  PROFILES  AFTER  CORRECTION. 

A  SECUND  CORRELATION  LOOP  UAS  TESTED  USING  THE  CORRECTED  AMPLITUDE  VALUES  OF 
I  HE  CORONAM  U1TH  THE  VDIF  VALUES  FROM  THE  RADAR.  RESULTS  ARE  LISTED  IN  THE  LAST 
5  COLUMNS  OF  TABLE  3  AND  SHOU  THAT  AMPLITUDES  WERE  U I  THIN  10  PERCENT  OF  THE 
RADAR  VDIF  AND  RETAINED  HIGH  CORRELATION  AND  LOU  LAG  DIFFERENCES. 


FIGURE  4  PROFILES  OF  VDIF , CORONAM  CORRECTED  AND  ORIC,  AND  CORONAA  SHEAR 


F I CUKE  3  COMPARISON  OF  CORRECTED  CORONAB  PROFILES  AMD  VDIF  PROFILES 


SHEAR  CONTENT  AND  RICHA.  jUN  NUNBERS 


I  HE  CALCULATION  Of  VERTICAL  SHEAR  AND  K1CHAKOSON  NUMBER  REQUIRES  COMPARISON 

UITH  THE  BRUNT-VAISSILI  FKEUUENC  T  AS  1  HE  BASIS  FOR  ESI  1  rt  A  T  ING  REGIONS  UIIH 

TURBULENT  CONTENT.  THE  BK'UN  I  -VA1  SS IL  1  FREUUENCY  IS  GIVEN  BY : 

FREQ  (1/SEC)  =  SORT  t  13/1  *  (  DTDZ-LK AUIAH/DZ)  ] 

UHERE  G  IS  THE  GRAVITATIONAL  CONSTANT  (V.U  MKT/SEC/SEC ) 

T  IS  THE  TEMPERATURE  (  DEG  KELVIN) 

DTDZ  IS  THE  LOCAL  TEMPERATURE  GRADIENT 

DTADI AB/DZ  IS  THE  ADIABATIC  LAPSE  RATE  (-.0095  DEU/NET) 

THE  BRUNT  PERIOD  IS  THE  RECIPROCAL  UP  THE  FREQUENCY  AND  IS  A  TIME  CUNS1ANT  IN 

SECONDS  AS  A  RESTORING  FORCE  FOR  ANY  LOCAL  PERTURBATION.  THE  FREUUENCY  ITSELF 

CAN  BE  CONSIDERED  AS  A  BRUNT  SHEAR  t ME T /SEC ) / NET  UHICM  IS  RELATED  TO  THE 

RICHARDSON  NUMBER* ( BRUNT  SHEAR/LOCAL  SHEAR )  **2 .  IT  IS  CONVENIENT  TU  EXPRESS  THE 

SHEAR  VALUES  IN  (MET/SEO/KM.  TABLE  A  PRESENTS  I  HE  EXPERIMENTAL  OBSERVATIONS  OF 

TEMPERATURE, DTDZ  AND  THE  RESULTING  PERIOD  AND  SHEAR  FOR  LEG  1. 

TABLE  4  BRUNT  PERIOD  AND  SHEAR  VS  ALTITUDE 


ALT 

TEMP 

0  T  D  KM 

SEC 

SHR  M/S/KM 

18000 

2 1  2 .  x7  V 

-1.96 

53.6; 

18.63 

20000 

212.73 

~3.28 

59.0/ 

16.93 

22000 

215.23 

3.20 

41  .  j9 

24. OS 

24000 

218.88 

-.57 

50.02 

19.99 

FIGURE  6  SHOWS  RESULTS  OF  SPATIAL  FREQUENCY  ANALYSIS  OF  THE  CORRECTED  CURUNAh 
COMPONENT  PROFILES  FOR  ONE  CASE.  THE  AMPLITUDE  FALLS  OFF  AS  EXPECTED  UNTIL 
ABOUT  300  METER  UAVELENGTH.  AT  SHORTER  UAVELENG I  HS,  l.E.  HIGHER  FREQUENCIES, 
THE  AMPLITUDE  IS  NEARLY -CONS  T  AN  T .  THIS  BEHAVIOUR  IS  A  SIGN  THAT  THE  DA  I  A  At 
THESE  HIGHER  FREQUENCIES  IS  WHITE  NOISE,  AND  HAT  BE  INSTRUMENTAL  RATHER  THAN 
ANT  TRUE  VELOCITY  VALUE.  FIGURE  <J  ALSO  SHOUS  THE  EFFECT  OF  PROCESSING  I  HE 
PROFILE  UITH  A  LOU  PASS  FILTER  CONSISTING  OF  2  PASSES  UIIH  A  i-PUINI  (100 
METER)  RUNNING  AVERAGE,  AND  THE  AMPLITUDE  UF  THE  RESIDUAL,  I.E.,  THE  DIFFERENCE 
BETUEEN  ORIGINAL  AND  SMOOTHED  PROFILES.  THE  AUTOCORRELATION  OF  THE  RESIDUAL  HAD 
ITS  ZERO  AT  A  SPACING  OF  1  UNIT,  ANOTHER  SIGN  1HAT  IT  REPRESENTED  WHITE  NOISE. 
THE  AUTOCORRELATION  ZERO  OF  THE  SMOOTHED  SIGNAL  REMAINED  UNCHANGED  FROM  THAI  Of 
THE  ORIGINAL. 


15' 


PI-CAUSE  UF  I H  IS  NUISE  CUN TEN  T ,  DIFFERENT  SPACINGS  UEHE  USED  FUR  CALCULATION  OF 
'.HEAR,  BKU N I  FREQUENCY  AND  RICHARDSON  NUMBER.  DATA  1  AKV.N  hI  SPACING  UF  1,2,*, 8 
nND  16  PL)  INIS  (20,40,80a  1  6  0 ,  A  N  D  320  MEIERS'  MUHJ  A  I*  F.  CREASING  CONlENi  OF  HIGH 
'  HEARS,  SHUUN  IN  FIGURE  /  AND  I  API  t  5  AND  6.  K 1  CHARD  SON  NUMBERS  OF  0.25  OCCUR 
f:f  SHEARS  UF  40-50  M/S/KM  DEPENDING  UN  1  EMPEKA  I  UKt  GRADIENT.  AS  CAN  BE  SEEM 
IRON  I  ABLE  6,  ONL  CAN  SAY  THAT  45  PCI  UF  [HE  SI KA i USPHEKt  IS  TURBULEN  T  BT  USING 
‘■HEARS  A 1  20  fit  !  fc  K  SPACING,  OR  THAT  20  PCI  IS  I  UKBULEN I  AI  A  SPACING  OF  80 
HEIER1*,  UK  1  PCI  A!  A  SPACING  OF  320  METERS. 


WHICH  SPACING  SHOULD  BE  CONSIDERED  AS  REPRESENT A 11  VL  OF  THE  TKUE  SHEAR  CONTENT 
OF  THE  ATMOSPHERE  UILL  DEPEND  UPUN  A  BE  TIER  UNDE RSI  AND  I  NO  AND  CONTROL  OF  THE 
SOURCES  UF  THE  NOISE  IN  THE  LURONAM  MEASUREMLN i S . 


lABLt  5  CUMULATIVE  DIST 
SPAC  PNTS  CUM  U II H  SHR; 


30 


40  1055  1000  y 83  V OS’  ’91  303  623 


320  V  85  1000  V 4 1  HI!  642  43" 


AKS 

UV  v 

>/Kh  i 

►  VS 

SPAC 

TNG 

IN 

METERS 

40 

60 

581 

5)4 
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396 
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52/ 

45  ' 
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1AHLE  6  CUMULATIVE  DISTRIBUTION  OF  SHEAR  FUR  RICHARDSON  NUNBER-0.25 


SPAC  PNTS  CUM  UI TH  SHR/SHCK. 


20 

40 

80 

160 

320 


1060  1000 
1055  1000 
1045  1000 
1025  1000 
985  1000 


982 

929 

9/2 

963 

933 


951 

935 

902 
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882 
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796 

739 
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53/ 

383 
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440 
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1  1  4 
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200 
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4^2 
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121 
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t  .0 

4  4/ 
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194 

*4 

12 


384 
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134 
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3  25 
237 
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284 

196 

71 

16 
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240 
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1  1 
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